Genetic engineering has been used to modify peanut cultivars for improving agronomic performance and pest resistance. Food products developed through genetic engineering have to be assessed for their safety before approval for human consumption. Preservation of desirable chemical, flavor and aroma attributes of the peanut cultivars during the genetic modifications is critical for acceptance of genetically modified peanuts (GMP) by the food industry. Hence, the main objective of this study is to examine chemical characteristics and volatile profile of GMP. The genetically modified peanut cultivars, 188, 540 and 654 were obtained from the USDA-ARS in Stillwater, Oklahoma. The peanut variety Okrun was examined as a control. The volatile analysis was performed using a gas chromatograph/mass spectrometer (GC/MS) equipped with an olfactory detector. The peanut samples were also analyzed for their moisture, ash, protein, sugar and oil compositions. Experimental results showed that the variations in nutritional composition of peanut lines examined in this study were within the values reported for existing cultivars. There were minor differences in volatile profile among the samples. The implication of this study is significant, since it shows that peanut cultivars with greater pest and fungal resistance were successfully developed without major changes in their chemical characteristics.
Conventional breeding procedures and genetic engineering have been used to develop newer peanut cultivars, with higher yields, greater disease, insect, virus, nematode, drought and aflotoxin resistance, improved shelling characteristics, better processing qualities, longer shelf life and enhanced flavor and nutrition (1, 2) . Successful genetic engineering of peanuts for disease resistance leads to reduced use of chemicals to manage crop production. Transgenic peanut cultivars containing anti-fungal genes from rice (chitinase gene) and alfalfa (β-1-3-glucanase) have been developed (1) and tested for Sclerotinia blight resistance (2) . Three transgenic cultivars, 188, 540 and 654, did show a significant increase in disease resistance compared to the parent cultivar Okrun.
Food manufacturers are required by law to ensure the safety and quality of their products regardless of the source and identity of the ingredients. Products derived through recombinant DNA biotechnology need to be assessed for safety before their introduction into the marketplace. In the safety assessment of transgenic plants, it is helpful to compare the new cultivars to their traditional counterparts (3) . This comparison helps to establish substantial equivalency of modified crops to their parents by evaluating the intentional and unintentional effects of genetic modification and phenotypic characteristics.
Sugar is known to be one of the precursors for development of peanut flavor (4) . Higher sweetness sensory scores are associated with generally superior flavor profiles that are low in bitter and high in roasted peanut flavor (5) . The flavor and aroma of peanut seed is an important characteristic influencing consumer acceptance. It is imperative that the flavor and aroma of the peanut cultivars is at least maintained during both conventional breeding and the genetic modifications. Characterization of flavor properties of foods is done by sensory testing. Transgenic foods cannot be used for sensory evaluation by human subjects until they are approved for human consumption. Volatile compounds are responsible for the aroma and contribute to the flavor of peanuts. Hence, analytical techniques are appropriate for volatile profile assessment of genetically modified foods which are going through agronomic evaluations. Gas chromatograph (GC) equipped with a headspace analyzer is commonly used to detect aroma and off-flavors (6) . In this method ground peanut samples are sealed in a vial and the partial vapor pressure of volatile compounds in the headspace is allowed to reach equilibrium. Then a portion of the headspace gas is injected onto a GC column for separation of individual compounds.
To the best of our knowledge no literature is currently available on sugar content and composition and the volatile components of genetically modified peanut (GMP) cultivars. The objectives of this study are determination of the chemi-cal composition, volatile components and olfactory characteristics of transgenic peanuts and comparison of the parent and modified peanut cultivars.
MATERIALS AND METHODS
Materials Three genetically-modified peanuts lines, 188, 540, and 654, which were developed by the United States Department of Agricultural-Agricultural Research Service (USDA-ARS) in Stillwater, Oklahoma, were examined. Okrun was the parent cultivar that was analyzed as a comparison. Okrun was developed by the Oklahoma Agricultural Experimental Station and released in 1986 (7). Okrun was the result of the crosses of Florunner and Spanhoma, and it is commercially classified as a runner variety. Okrun is susceptible to diseases such as Sclerotinia blight. However, tests in Oklahoma showed that it has a higher resistance to leaf spots and pod rod than the current runner varieties (7) . The sample 188 is a transgenic peanut line developed from Okrun somatic embryos that contains a single copy of rice chitinase transgene (1, 2) . Transgenic peanut lines 540 and 654 were developed from Okrun somatic embryos that contain both chitinase transgene from rice, and β-1-3-glucanase transgene from alfalfa (1, 2) .
Raw peanut (in shell) samples were obtained from Oklahoma State University Research Station field trial plots in Fort Cobb, Oklahoma during the crop year 2004. There were four replications for each variety. Approximately one pound of sound and mature pods was collected from each replicate after harvest. Four samples were mixed and shelled thoroughly to obtain a representation of each cultivar. The peanut seeds were stored in airtight containers in a freezer at −20°C until further analysis. Approximately 200 g of peanut seeds was brought to room temperature before grinding. The seeds were ground for 1 min using a coffee grinder (model CBG5; Black & Decker, Miami, FL, USA) at medium speed.
Accelerated solvent extraction (ASE) An accelerated solvent extraction unit (model ASE 300; Dionex Co., Sunnyvale, CA, USA) was utilized to remove oil from peanut samples. The extraction system was described in detail elsewhere (8) . Extraction parameters were programmed on the unit as follows: temperature 80°C, 4 extraction cycles, 15 min extraction time/cycle, 50% flush volume and 90 s purge time. The solvent used for oil extraction was 100% hexane (Pharmco-AAPER, Brookfield, CT, USA). The defatted peanut sample remaining in the extraction cell was transferred into clean glass vials and stored in a freezer (−20°C) until utilized for sugar analysis.
Moisture content Moisture content of the samples was determined using AOAC method 950.46 (9) . The sample was dried in the oven for 5 h at 100°C until constant weight was reached. The loss in sample weight as percent of the initial sample weight was reported as the moisture content of the sample.
Ash content Ash content of the peanut samples was determined according to AOAC method 923.03 (9) . The fine ground peanut sample was ashed in the furnace for 5 h at 525°C. Percentage residual weight in the crucibles was reported as the ash content in the sample.
Oil content The oil content of the peanut samples was determined according to AOAC method 960.39 (9) . A Soxtec extraction unit (model 1043 Extraction Unit; Tecator, Sweden), and 40 ml of petroleum ether (Mallinckrodt, Paris, KE, USA) was used to extract the oil from the sample. The amount of extracted oil was determined gravimetrically.
Protein content The protein content of the peanut samples was analyzed according to the AOAC method 928.08 (9) . The samples were digested with concentrated sulfuric acid (Pharmco-AAPER), hydrogen peroxide (Fisher Scientific, Fair Lawn, NJ, USA), and two Kjeldahl catalyst tablets (FisherTab ST-35; Fisher Scientific) using a Kjeltec block digester unit (model 2020 Digester; Tecator). The total nitrogen amount in the sample was determined by distillation and titration of the extracts using a Kjeltec instrument (model 2300 Kjeltec analyzer; Tecator). A conversion factor of 5.46 was used to convert the amount of nitrogen to amount of protein present in the samples (10) .
Sugar extraction and HPLC analysis Approximately 0.5 g of defatted peanut flour was extracted with 4 ml of 80% methanol (Pharmco-AAPER) in a clean centrifuge tube. A reflux apparatus was constructed by protruding a 9″ Pasteur pipette (Fisherbrand; Fisher Scientific) through an open-top cap and fitting it securely on the centrifuge tubes. The tubes fitted with reflux apparatus were placed on a dry block heater (Reacti-Therm, model 18970; Pierce, Rockford, IL, USA) at 80°C. The extraction time was 20 min. Then the extract was centrifuged (model 225 Centrific Centrifuge; Fisher Scientific) at 2000 rpm for 10 min. The supernatant was transferred into clean test tubes. The extraction was performed one more time (for a total of two extractions) and the combined supernatant was filtered using a 25 mm syringe filter with 0.45 μm nylon membrane (VWR International, Bristol, CT, USA). The filtered supernatant was evaporated under vacuum using a RapidVap evaporation system (model 79000-02; Labconco, Kansas City, MO, USA). The sugar residue in the tube was dissolved in 1 ml de-ionized water and subsequently utilized for sugar determination. A high-performance liquid chromatography (HPLC) (model 2695 Separation Module; Waters, Milford, MA, USA) equipped with a reflective index (RI) detector (model 410; Waters) was used for sugar analysis. The separation of sugar components was performed on a Carbohydrate Analysis Column (3.9 ×300 mm) with a covalently bonded amino packing material (WAT084038; Waters). The mobile phase flow rate and run time were 2.0 ml/min, and 20 min, respectively. Column temperature was maintained at 30 ± 5°C. Mobile phase consisted of 80% HPLC grade acetonitrile (Pharmco-AAPER) and 20% de-ionized water. Sugar standards such as glucose, sucrose, and fructose were obtained from Sigma-Aldrich (St. Louis, MO, USA). Stock solutions of 125 mg/ml were prepared for all the sugar standards and dilutions were made from these stocks for preparation of calibration curves. The amount of each sugar compound was determined from appropriate calibration curves.
Extraction of headspace volatiles Raw ground peanut samples were utilized for headspace analysis. Approximately 2.0 g samples were weighed into 10 ml headspace vials, along with 0.5 g of sodium sulfate. A headspace sampler (model 7694; Hewlett Packard, Palo Alto, CA, USA) was used to extract volatiles from the samples. Samples were equilibrated in the headspace sampler for 30 min at 150°C. The temperatures of the sample valve and transfer line were 160°C and 165°C, respectively. The rest of the headspace sampler parameters were as follows: vial pressurization 0.20 min, sample Gas chromatography/mass spectrometry and olfactory detection Volatile compounds from the peanuts were analyzed using a gas chromatograph from Hewlett Packard (model 6890) equipped with a mass spectrometer (model 5973; Agilent, Palo Alto, CA, USA) and an olfactory detector. Volatiles were separated using an Equity-5 fused silica capillary column (30 m ×0.25 mm ×0.5 μm)
from Supelco (Bellefonte, PA, USA). The split ratio was 6:1. The injector and MS temperatures were 250°C, and 230°C, respectively. The initial oven temperature of 35°C was increased to 60°C at 5°C/min, and hold for 5 min. From 60°C, the temperature was raised to 230°C at 15°C/min and held at 230°C for 10 min. The total run time was 31.33 min. The carrier gas (helium) flow rate was 1.5 ml/min. The effluent from the capillary column was split into 2 :1 using a fused silica y-connector between the olfactory nose cone and the mass spectrometer. GC-MS operating temperatures were as follows: MS transfer line 280°C, ion source 230°C and MS quadruple 150°C. The ionization energy was 70 eV. The scan range and rate were 29-400 amu and 4 scans/s, respectively. The data collection and analysis were managed using an HP Chemstation (Enhanced Chemstation G1701DA version D.00.00.38; Agilent Technologies). The volatile compounds in the samples were identified by direct comparison of their chromatographic retention times and the mass spectra with those of the authentic compounds. Pure standards were obtained from Sigma-Aldrich, VWR (Suwanee, GA, USA) and Fisher Scientific. These standards included 2,5-di- methylpyrazine, benzaldehyde, benzeneacetaldehyde, hexanal, acetic acid, pentanoic acid, propionic acid, hexanoic acid, cyclohexanol, and γ-butyrolactone. The peaks were also confirmed with NIST/EPA/NIH Mass Spectral Library (ver. 2.0). The odor of volatile compounds from the capillary column was evaluated via an olfactory detection port (ODP) (Gerstel, Mülheim an der Ruhr, Germany). Perceived description and intensity of the compounds sensed at the port by the user is recorded using ODPrecorder software (Gerstel) which is incorporated into the MS ChemStation. Dragon Naturally Speaking Preferred ver. 8.10.000.285 (Marysville, CA, USA) was used to record voice comments.
Statistical analysis All analyses were conducted in duplicate, except sugar, which was conducted in triplicate. All samples were randomized and mean values and standard deviations were reported. Analysis of variance (ANOVA) of the results was performed using General Linear Model procedure of SAS (Statistical Analysis System, ver. 9.1, Cary, NC, USA). Multiple comparison of the various means were carried out by LSD (Least Significant Difference) test at α=0.05.
RESULTS AND DISCUSSION
Moisture and ash contents of the samples (Table 1) were similar to the data published earlier (11) . Oil content has an important effect on the sensory characteristic of foods because it contributes to mouth feel and carries flavors and aromas. Peanuts are high oil content foods. The oil content of peanut lines examined in this study varied between 48.4% and 50.1% (w/w) ( Table 1 ). Genetically modified peanut cultivar 188 had similar oil content to the parent, Okrun. The number next to the aroma attributes indicates the level of intensity perceived: 1, low; 2, medium; 3, high; 4, very high.
Although differences among Okrun and GMP lines 540 and 654 were statistically significant, variations were not large and within the values published for conventional peanuts in the literature (12) (13) (14) . The results obtained in this study are also similar to that of the GMP reported by Jonnala and coworkers (11) .
Peanuts are an excellent source of protein. The protein content of GMP 188, 32.35% (w/w), was higher than that of the parent and other GMP examined in this study ( Table 1) . The variations were within the protein contents published for conventional peanuts (12, (15) (16) (17) . The experimental results reported in this study also confirm that protein content of GMP crops harvested in previous years (11) are similar to the protein content of the same cultivars grown in consecutive years, indicating stability of the chemical composition of GMP.
Free sugars are key components in formation and development of peanut flavor. Sucrose which consisted of about 90% of the total sugars was the main sugar in all the samples. Glucose, galactose and fructose are the other sugars detected in minor amounts in the samples. The sucrose contents of parent cultivar Okrun and GMP 188 and 654 were similar but GMP 540 had a lower sucrose content ( Table 2) . The variations among the free sugar contents of GMP were within the range reported for conventional breeding lines (4, (18) (19) (20) (21) . This study is the first report on the sugar content of GMP.
Volatile compounds are responsible for the aroma and have a significant effect on peanut flavor. Chemical derivatives of acetic acid, aldehydes, alcohols, pyrazine and pyrrole were detected in all the samples examined in this study (Tables 3-6 ). The presence of these compounds in peanuts has been also reported by several other research groups (22, 23) . Oxo-methylester acetic acid was the main volatile compound in all the samples. It was reported that free methanol was the major volatile compound present in the peanut sam- ples they analyzed (22, 24) . In this study a NIST/EPA/NIH Mass Spectral Library search for the peak at 2 min gave the highest probability for methanol. However, a closer examination of the mass fragmentation pattern for methanol and oxo-methylester acetic acid standards confirms that target and qualifier ions (largest mass fragments) for oxo-methylester acetic acid and the peak at 2 min have a better match than methanol. 1-Methyl-1H-pyrrole was the second largest peak on the chromatograms. N-Methylpyrrole was described as having a sweet and woody odor (25) . Aldehydes such as 2-methylpropanal, 3-methylbutanal, pentanal, octanal, hexanal and nonanal were also present in the peanut samples. These compounds are usually associated with off-flavors formed during oil oxidation. Benzeneacetaldehyde, benzaldehyde, pentanol and 2,5-dimethylpyrazine were detected in most of the samples in relatively low quantities. Benzeneacetaldehyde and 2,5-dimethylpyrazine are associated with floral, sweet, caramel and malty, chocolate flavors, respectively (26) . The same volatile compounds found in GMP were also detected in conventional breeding lines.
The average human nose can detect nearly 10,000 distinct scents (27) . Certain volatiles are detected in concentrations as low as few parts per trillion and parts per thousands (28) . The aroma-active compounds, or key flavors, are usually present in ultra-trace amounts and are not usually the major volatile constituents of the food (29) . When using GC with olfactory detection, the human nose can often detect a distinctive smell where the chromatogram produces a flat baseline. Hence, GC/olfactory analysis is a versatile technique to identify volatile compounds in foods and evaluate their aroma characteristics.
Olfactory analyses of the peanut samples studied in this study were carried out by two users to evaluate consumer response/perception of the products. Rancid, sour, raw peanut, roasted peanut, sweet-floral, burnt latex, beany, green and burnt butter were the terms used to describe compounds coming out of the GC column by user 1. Sweet, musty, bitter, green grass, peanut butter, stale, floral, roasted peanut and peanut were the descriptors used by user 2 (Table 3-6). In 
